A new 3-step synthesis of 2,5-bis(4-cyanophenyl)furan, a key intermediate in the preparation of the antimicrobial agents Furamidine and Pafuramidine, is presented. The key step of the synthesis is the preparation of a 1,4-diketone via the modified Stetter reaction of a 4-cyanophenyl Mannich base as a vinyl ketone precursor with 4-cyanobenzaldehyde. The synthesis has potential for use in the large scale preparation of the two antimicrobial agents.
Introduction
2,5-Bis(4-cyanophenyl)furan (1) is a key intermediate in the synthesis of 2,5-bisamidinoarylfurans, a well studied class of DNA minor groove binders. [1] [2] [3] [4] Furamidine (2) is the parent compound of this class, and it's methoxime prodrug (3) (Pafuramidine) is currently in clinical trials for treatment of African Sleeping sickness, malaria, and pneumocystis carinii pneumonia. [4] [5] Satisfactory methods for conversion of the intermediate bis-nitrile 1 to 2 and 3 are available. 1, 6 Several methods for the synthesis of bis-nitrile 1 are also available; 6-8 however many of these methods require multiple steps and/or are not high yielding. In some cases, there have been problems in scaling the synthesis of intermediate 1 to kilogram scale. The use of toxic organotin reagents 8 in one approach also remains a concern. Herein, we wish to report a new synthesis of bis-nitrile 1 that is based on the initial preparation of a 1,4-diketone by a modified Stetter reaction. 9 Starting with commercial reagents, this synthesis of 1 involves just 3 steps, and can be accomplished in 20% overall yield without the use of extraction or chromatography.
Plan of research Several of the previously published routes to bis-nitrile 1 involve synthesis of 1,4-diketone 5 as an intermediate. 7 Of the various routes to diketone 5, the most direct is the Stetter reaction of 2 equivalents of 4-cyanobenzaldehyde with divinyl sulfone. This reaction, however, is complicated by formation and removal of the divinyl sulfone polymer, which is likely formed in large amounts due to the slow reactivity of 4-cyanobenzaldehyde. 10 As a result, the yield for this single step is about 40% at best, 7 and in our hands, is often lower (20% usually obtained). This approach to diketone 5 has been examined on large scale, and has been abandoned as a candidate for scale-up due to the need to remove the polymer by liquid/solid extraction or chromatography. An alternative to the Stetter reaction with divinyl sulfone is the so-called modified Stetter reaction. Instead of using divinyl sulfone as a vinyl donor, the modified reaction involves the use of a Mannich base, which is decomposed to the vinyl ketone and reacted with a separate aldehyde to give the 1,4-diketone all in one step. 9 The usefulness of this two-step approach has been that it allows for the synthesis of "mixed" or disymmetric 1,4-diketones 2,11 that can not be prepared using divinyl sulfone, although, in theory, it can also be used to prepare symmetrical diketones such as 5 if so desired. To our knowledge, however, the use of 4-cyanobenzaldehyde in such a modified Stetter reaction has not been explored thus far. We were thus interested to know if this benzaldehyde could be used in the modified approach to prepare diketone 5 in good yield, and without the need for removal of any polymeric byproduct. If so, cyclodehydration of 1,4-diketone 5 would then give furan 1 in a fairly direct approach. 
Results and Discussion
As shown in Scheme 1, the synthesis of the Mannich base of 4-cyanoacetophenone was accomplished in 48% yield as previously reported. 12 Pale yellow to colorless crystals of 4 were typically obtained when absolute EtOH was used as solvent, while a lower melting powdery solid was obtained when 95% EtOH was used. Interestingly, very little product was obtained when the reaction was allowed to go much longer than 2-3 hours (i.e., overnight, as done when using 4-bromoacetophenone 11 ), possibly due to this Mannich base being more readily decomposed to the vinyl ketone upon heating. Efforts to optimize the yield of this step, such as the use of amines other than dimethylamine, have not been pursued thus far. Next, Mannich base 4 was reacted with 4-cyanobenzaldehyde under standard Stetter conditions 9 using a thiazolium salt as catalyst and triethylamine as base. Dimethoxyethane (DME) has been previously found by us to be a good solvent for Stetter reactions (unpublished work), and thus it was used as solvent here. 12 Previous unpublished work has also shown that an extended reaction time of several days gives optimal yield with such reactions, perhaps due to their heterogeneous nature. To our delight, 1,4-diketone 5 was obtained in 85% crude yield, and 58% purified yield following recrystallization from DMF/MeOH. Comparable yields were obtained for this reaction when repeated several times. Thus, 4-cyanobenzaldehyde appears to react better in this modified Stetter reaction than in the original reaction with divinylsulfone. With 1,4-diketone 5 in hand, furan bis-nitrile 1 was readily prepared by acid-catalyzed cyclodehydration in acetic anhydride. 7 Instead of decomposing the acetic anhydride by addition ISSN 1424-6376 Page 125 © ARKAT of water, as usually done, we allowed the product to crystallize directly from the reaction mixture upon cooling. This eliminated the large exotherm that occurs when decomposing the anhydride. Recrystallization of the filtered product from n-BuOH gave 1 in 78% purified yield (20% overall from 4-cyanoacetophenone), with the 1 H-NMR, IR and mp being in good agreement with previously reported data. 7 Importantly, no extraction or chromatography was needed at any point in the 3-step synthesis. In order to improve upon our overall yield of 1, we were interested to know if the use of crude 1,4-diketone 5, instead of the pure, would lead to better results. To this end, the use of crude 5 gave a 50% purified yield of furan 1, which was a lower yield for the one step than when using purified 5. However, the overall yield for the 3-step synthesis was ultimately about the same (19%, compared to 20%). Thus, although the overall yield of 1 was not actually improved, we did learn that the purification of the 1,4-diketone is not necessary, a finding that is applicable to larger scale production.
Finally, we were also interested to know if the less expensive thiamine hydrochloride could serve as the Stetter catalyst for the synthesis of the 1,4-diketone in place of the thiazolium salt. Unfortunately, an experiment in which the thiazolium was replaced with a molar equivalent of thiamine hydrochloride was unsuccessful in giving 5, with only an oily residue being obtained from which no 1,4-diketone could be isolated.
Conclusions
In conclusion, a new synthetic approach to 2,5-bis(4-cyanophenyl)furan 1, a key intermediate in the synthesis of Furamidine and Pafuramidine, has been described. The 3-step synthesis, which is based on the preparation of 1,4-diketone 5 via a modified Stetter reaction employing 4-cyanobenzaldehyde, gave 1 in 20% overall yield from commercially available 4-cyanoacetophenone. A comparable overall yield of furan 1 was obtained when crude 1,4-diketone was used instead of pure, thus eliminating the need for a purification step. As the intermediates are readily isolated by simple filtration and the final product is purified by standard recrystallization (no extraction or chromatography required at any step), the synthesis is operationally simple compared to the original Stetter approach using divinylsulfone and is thus attractive for further optimization and larger scale preparation.
Experimental Section
General Procedures. Melting points were recorded using a Mel-Temp capillary melting point apparatus. A MAGNA-IR ® 560 Spectrometer was used for IR spectroscopy. TLC was performed on silica gel plates with 1:1 hexane:ethyl acetate as eluent. 1 H-NMR spectra were recorded on a Varian Unity+300 instrument at Georgia State University, Atlanta, GA. 
Mannich base 4.

